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Poor solubility, low bio-stability, and the high toxicity of docetaxel medicine 
result in limited consumption, common side effects, and low efficacy. The current 
commercial form of the product, Taxotere®, with intravenous administration 
caused hypersensitivity due to hemolysis by separating hemoglobin and red 
blood cells. In addition, the patient suffers from a severe treatment regime 
through prolonging medicine injection. The most important advantages of 
medicine in cancer treatment are to consider patients' comfort, and acceptance 
during treatment, as well as to choose the most effective medicine to achieve the 
highest improvement in cancer cells. Following our previous study, in this study 
stabilized docetaxel loaded nanomicelles were used for the treatment of mice 
with C26 colon carcinoma. The synthesized nanomicelles have satisfying results 
on animal trials and adequate characters such as an oral form of medicine, particle 
size of less than 15 nm, proper PDI, sufficient zeta potential for physical stability 
and maintaining particle size, non-toxicity of career, and high efficacy than the 
commercial product Taxotere®. In addition, lower side effects of synthesized oral 
form medicine on the treatment of C26 colon carcinoma can be named as the 
other advantage of this study. 
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INTRODUCTION
Cancer constitutes the second cause of 

mortality in the United States and causes 22.9% 
of global mortality annually [1]. Recently, several 
studies and researches have been performed to treat 
cancer and eliminate cancer cells, mostly focused 
on decreasing medicine side-effects. Cancer is a 
cell disease that is caused by altering the control 
processes of cell differentiation and proliferation 
[2]. The current cancer treatments usually contain 
aggressive methods, such as primary chemotherapy 
to reduce the size of a tumor, possible surgeries to 
remove a tumor, and eventually radiotherapy and 
complete chemotherapy [3]. The common target 
of all cancer treatments is removing the maximum 
amount of cancer cells and damaging the minimum 
amount of normal cells simultaneously. The quality 

improvement in patient life and his life expectancy 
is directly related to the mentioned target [4]. 

Although anti-cancer medicines have more 
effect on tumor cells than on normal cells, severe 
side-effects caused by prescribed high dosage make 
patients stop taking medicine before it has time 
to effect [5, 6]. The advantages of nanotechnology 
on quality improvement of drug delivery systems 
and targeted treatment have been discovered by 
scientists over the recent decades. Improving drug 
delivery technics, which leads to lower toxicity 
and higher efficacy of medicine has various 
benefits for the patients and create new markets 
for pharmaceutical companies [7]. Using an oral 
drug delivery system and nanoparticles in drug 
formulation are considered as the new technics. 
The particle size and particle size distribution 
are important characters in the new nanoparticle 
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systems [8]. The factors have effects on in vivo 
distribution of nanoparticles, bio-destiny, toxicity, 
and the ability of nanoparticle to reach to the 
targeted point [9].

Nanoparticles administrated intravenously, 
are determined by the defense system simply 
and are eliminated by macrophages from the 
bloodstream. In addition to the particle size of 
nanoparticles, its hydrophobic surface defines 
the content of blood opsonins on nanoparticles 
[10,11]. In order to increase targeting, the retention 
time of nanoparticles in the bloodstream needs 
to be increased which can be achieved mostly by 
minimizing opsonization. The following actions 
can be done in this regard [12, 13]:

- Nanoparticles coated with polymers or 
hydrophilic surfactants. 

- Nanoparticles with copolymer containing 
hydrophilic parts e.g. polyethylene oxide, 
polyethylene glycol, poloxamine, poloxamer, 
Tween 80.

Currently, polymeric nanoparticles are widely 
used for oral drug delivery and have several 
advantages compared to other technologies [14, 
15]. They are stable in the gastrointestinal tract and 
can secure loaded drugs in counter with enzymatic 
reaction, pH, and drug pump inhibitors. Moreover, 
a successful nanoparticle system should have a 
high capacity to load the drug which leads to the 
necessity of a lower amount of matrix material for 
administration. 

Nanomicelles have recently been used more 
in oral drug delivery. The micelles categorize 
in the nanoparticles group and have two parts 
hydrophobic internal part and a hydrophilic 
external part. Therefore, it can encapsulate 
hydrophobic drugs in its core and can simply 
deliver the hydrophobic drug to the target point via 
hydrophilic liquid media of the body [16].

Docetaxel, an anti-cancer medicine belongs to 
the toxoid group, has a similar molecular shape 
like paclitaxel, but it acts more effectively to inhibit 

the depolymerization of microtubules in the G2/M 
phase [17, 18, 19].

Docetaxel administered in locally advanced 
breast cancer, metastatic breast cancer, ovary 
cancer, lung cancer, uterus cancer, prostate, head 
and neck cancer, and gastrointestinal tract cancer 
[12, 20, 21, 22].

In the commercial product, Taxotere®, low 
solubility character (4/13 µg/ml) of docetaxel into 
water is increased by using polysorbate 80 nonionic 
surfactant (Tween 80) [10, 12, 19]. The medicine 
is administrated intravenously via one hour of 
injection in the hospital [23]. Drug dosage can 
be altered depending on patient conditions every 
three weeks. Its side-effects can be mentioned as 
bone marrow suppression including neutropenia, 
thrombocytopenia, and anemia, sensitivity 
reactions like redness, asthma, blood pressure drop, 
oedema including weight gain, edema, and ascites, 
alopecia, monocyte, diarrhea, nausea, and vomiting 
[24,25,26]. Currently, most of the medicine is only 
administrated by intravenous injection. The oral 
method can be one of the best alternative methods 
to its simplicity, and better acceptance of patients, 
especially for chronic diseases that need frequent 
medicine administration. 

As mentioned in the previous study, synthesized 
oral docetaxel nanomicelles have a size of less than 
15 nm, proper polydispersity index (PDI), sufficient 
zeta potential for physical stability and maintaining 
particle size, high drug encapsulation capacity, 
non-toxicity of career, and high efficacy than the 
commercial product Taxotere®. The synthesized 
nanomicelles have been used for the animal 
trials. In this study, the results of the animal trials 
will be evaluated and discussed for synthesized 
nanomicelles with different Tween and surfactants. 

EXPERIMENTS 
Materials and methods

The materials used to prepare nanomicelles are 
summarized (as in Table 1).

   
 

  
   
   

   
  

  

 

Table 1. Material list for synthesis and formulation
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A list of equipment that has been applied to 
prepare nanomicelles is summarized (as in Table 2). 

DTX-Loaded Nanomicelles Preparation
To prepare DTX-Loaded Nanomicelles, 

different compositions of different surfactants 
(Tween) and stabilizers (MCT oil and Sesame oil), 
distilled water, and dissolution temperature have 
been used considering one factor at a time. Studied 
variables are summarized (as in Table 3). 

Transparency, size, and surface charge of each 
sample were studied to choose the optimized 
synthesis method and determine composition. 
Verified results (nanomicelles under 500 nm, 
negative surface charges, and complete clarity) 
lead to materials and composition selection. The 
optimized samples were determined including 55% 
wt. of surfactant types Tween 20 and 80, 20% wt. of 
stabilizers, and 55% wt. of distilled water [27].

Components were measured in 15 mL Falcon 
tubes and were warmed up to 50˚C in a hot 
purified water bath. The solution was agitated by 
a vortex with a sequence of 4 minutes’ intervals. 
The solution was chilled to 37 ˚C after 30 minutes. 
One percent of DTX was added and it was kept in 
37 ˚C for 40 minutes. Mixing of the solution was 
performed continuously. Agitation was continued 
for 30 minutes, and ultra-sonicated for 1~2 minutes 
to obtain homogenous liquid [27].

Formulations with the Tween 80 and 20 and 
DTX free were synthesized similarly and were 
considered as the control. 

Nanomicelles Evaluation 
The details of the formulation are shown as 

below (as in Table 4).
TEM photos showed the spherical shape of 

the synthesized formulations [24]. The spherical 

   
   

   
   

   
  

 
   

 

Table 2. List of equipment for synthesis and formulation

  
 

 
  

 
  
 

 

Table 3. Variables list

  

 
 
 

 
 
 

 

Table 4 . The details of the formulation
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shape of the synthesized nanomicelles enabled it 
to have the maximum ability to control the release 
and protection of encapsulated drugs which has 
been discussed in detail in our previous study 
[24]. The spherical shape has the longest path for 
encapsulated drug migration and has the minimum 
contact surface with the aqueous phase compared 
to the other nanoparticle shapes [27, 28, 29, 30, 31, 
32].

Zeta potential 
The particle size, polydispersity index (PDI), 

and zeta potential are defined (as in Table 5). The 
mean particle size of the Tween 80 nanomicelles 
was 14.03 ± 1.23 nm, and that of the Tween 20 
nanomicelles was 132.55 ± 12.88 nm using MCT 
oil as the stabilizer, while the mean particle size of 
the Tween 80 nanomicelles was 145.2 ± 11.32 nm, 
and that of the Tween 20 nanomicelles was 289.75 
± 15.37 nm using sesame oil as the stabilizer. The 
nanomicelles containing sesame oil were greater 
than 100 nm for all compositions and the sesame 
stabilizer PDI was not adequate (PDI>0.5). 
According to the study’s purpose for having proper 
sized DTX-loaded nanoparticles, other reviews 
continued on formulation I to IV. 

The negative amount of zeta potential in all 
formula provided sufficient electrostatic repulsion 
for physical stability and preventing particle 
accumulation. The average size and PDI of the 
formula I and II was less than that of formula III and 
IV. It revealed that the dimension and uniformity of 
the Tween 80 were better.

The prepared nanomicelles need to be diluted in 
5% dextrose to be used for the animal trials. The size 
and zeta potential of the formulation I in dextrose 
were also investigated. The sterilized 5% dextrose 
was used instead of distilled water in Formulation 
I. Besides, the zeta potential in MOPS buffer was 
measured. The mean particle size was 15.2±1.45 

with PDI= 0.23±0.031. The zeta potential was -10.1 
mV. The results showed no significant differences 
between using dextrose and water. 

The size and surface characters dictate the 
extension and the drug absorption rate in the 
gastrointestinal tract. The small dimension of 
nanomicelles increases specific area, nanomicelles 
contact surface with epithelial increases, and 
therefore there will be more possibility of nonspecific 
drug absorption into cells or endocytosis via 
receptor [33, 34]. The studies reveal that the nano-
careers smaller than 50 nm absorb enterocytes, 
thus the small size of Formulation increases the 
enterocyte absorption. The drug travels through 
the lymphoid system, therefore, it inhibits liver 
metabolic first-pass effects. It increases the specific 
area in the blood and decreasing cancer cell growth 
[35]. Based on the results, the prepared Tween 80 
nanomicelles had all the particle size requirements 
for oral absorption in the gastrointestinal tract. 

The surfactants are divided into two groups 
of the ionic and the nonionic. The ionic group is 
applied to solve partly soluble materials while the 
nonionic for severely insoluble materials [36]. The 
critical concentration (CMC) and aggregation 
number (Nag) are the main parameters to evaluate 
the quality. Tween was used in many types of 
research due to its low CMC (nanomicelles stability 
in diluted media and ability to administer low 
dosage) and proper aggregation number [30]. The 
nanoparticles of 10 to 100 nm were used in the 
study. Moreover, its low toxicity allowed to be used 
in oral form, and the nonionic character increased 
solubility of nonionic hydrophobic docetaxel. 

The clarity is one of the important characters. 
The hydrophil-lipophil balance (HLB) in preparing 
fat-water emulsions needs to be in the range 
of 10 < HLB < 18. Tween 80 with HLB=15 and 
Tween 20 with HLB=16.6 provided a transparent 
solution [37,38,39,40]. Both of the surfactants had 

Table 5. Particle size (Z-average (nm)), PDI, and zeta potential (mV) of formulations (mean ± SD, n = 3).



83Nanomed Res J 6(1): 79-88, Winter 2021

Atefeh Hekmat  et al.  / In Vivo Study of New Oral Docetaxel -Loaded Nanomicelles 

the maximum hydrophilic character, did not act 
as the stabilizer, which made the nanomicelles 
process reversible to perform on-time drug release 
[41,42,43,44].

The negative zeta potential for prepared 
nanomicelles inhibited the particle accumulation 
and provided better physical stability by electrostatic 
repulsion. The DTX-loaded Formulations showed 
higher zeta potential than those without which was 
caused by the docetaxel negative OH group. 

In vivo studies
Twenty-five female BALB/c mice were bought 

form the Pasture Institute of Iran for the study. 
The mice were 4-5 weeks old and had 13-17 gr 
weight. All the animal trial was performed in Buali 
(Avicenna) Research Institute, Mashhad, Iran 
under laboratory animals’ rights and laws. 

The C-26 tumor grew on the mice back, and 
efficacy of the new DTX-loaded Formulations 
compared to the commercial product has been 
reviewed. 

Mice back were shaved as it is shown in Fig. 1, 
and 100-150 µl of anesthetic solution (Xylazine 10 
mg/kg dosage, Ketamine 10 mg/kg) was injected 
into each mouse peritoneum. The anesthetic 
solution contained 4.5 ml of Ketamine and 1.5 ml 
of Xylazine in 25 ml of 5% dextrose. Mice became 
unconscious after 20 min, 300,000 C-26 cells in 50 
µl of PBS was injected subcutaneously to the shaved 
areas (Fig. 1).

A tangible tumor was created at mice backs after 
7 days (Fig. 2). The drug treatment started in this 
phase, mice with the proper size, tumor condition, 
and weight were selected and painted by picric 
acid. Each group included 5 mice, and marking 
was done on neck, tail, left hand, right hand, and 
no-color. Each mouse was weighed separately and 
its drug dosage was defined. Finally, 10 mg/kg of 
the commercial drug Taxotere® was injected, the 
optimized prepared DTX-loaded nanomicelles 
was forced fed to mice in two dosages of 50 and 
100 mg/kg, dextrose and empty nanomicelles 
with the dosage of 100 mg/kg were forced fed to 
mice. To control mice’s condition, a 5% dextrose 
oral solution was used for the witness group. The 
drug dilution was done in a 5% dextrose injectable 
solution. 

The mice were placed in their boxes after 
registration. The tumor size and mouse weight was 
evaluated every other day for 60 days. The tumor 
volume was measured as bellow:

( )3  Tumor Volume mm L W H= × ×

L, W, and H were the tumor length, width, and 
height respectively. 

According to the laboratory animals’ rights 
and laws, the mouse life should be terminated by 
concentrated chloroform inhaler to avoid suffering 
in case of following conditions: a) the mouse weight 
becomes less than 15% of its primary weight, b) the 

 

Figure 1- Mice during anesthesia after subcutaneous injection of C-26 cells 

  

Fig. 1. Mice during anesthesia after subcutaneous injection of C-26 cells
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tumor size becomes more than 2,000 mm3, c) one 
dimension of tumor becomes more than 20 mm. 

RESULT AND DISCUSSION
The stability of nanocarrier is the key point in 

drug delivery [41]. The drug oral administration has 
been limited by the gastrointestinal tract condition 
such as epithelium adsorption limitations, pH, and 
enzymatic reaction. The pH value varies from one to 
eight in the stomach and in the intestine respectively. 
The variation results in oxidation, deamination, 
or hydrolysis of drug proteins, and decreases the 
activity. The drug may reach the epithelial cell to be 
absorbed if it can overcome those obstacles. DTX 
intakes by a transcellular mechanism. DTX enters 
the cell by a vesicle-like substance [27, 28].

The stability of prepared micelles must be 
adequate enough to inhibit rapid dissolution and to 
avoid dilution in counter with the gastrointestinal 
tract. The stability of the prepared Formulation 
was conducted at 37 ˚C for 12 hours, in simulated 
gastric fluid (SGF, pH 1.6) and simulated intestinal 
fluid (SIF, pH 6.5). Results demonstrate that in the 
first 2 h, the particle size changes are minor in the 
SGF, and the particle size in SIF during the second 
6 h increased. Nanomicelles were kept less than 6 h 
in the intestine [27, 30], and the physical stability is 
proper. Also, formula I shows more stability in the 
gastrointestinal media [27].

In vivo tumor inhibition efficacy 
In vivo tumor inhibition efficacy was evaluated 

for all the formulations. Fig. 3 demonstrates in 
vivo tumor inhibition efficacy of DTX-loaded 

nanomicelles, Formulation I, with two dosages 
of 50 and 100 mg/kg compare to the commercial 
product Taxotere®, with a dosage of 10 mg/kg, 
and the nanomicelles without DTX, M-BLK. The 
inhibition efficacy of the Formulation I, both 
dosage, and the commercial product, Taxotere®, can 
be evaluated compared to M-BLK and Dextrose. It 
demonstrates that Formulation I with a dosage of 
100 mg/kg inhibited tumor growth significantly, 
and Formulation I with a dosage of 50 mg/kg is 
better than the commercial product, Taxotere®, 
however, it was not significant. 

Fig. 4 demonstrates the weights of the mice 
with C-26 tumors during the treatment. The figure 
shows no significant weight changes. 

Fig. 5 demonstrates survival rates after 50 
days of study. As it shows, 60% of the mice under 
treatment with the Formulation I, 100 mg/kg, were 
survived after 44 days, while 80% of the mice under 
treatment with the commercial product, Taxotere®, 
10 mg/kg, gone after 30 days, and the only survival 
last 42 days, 40% of the mice under treatment 
with the Formulation I, 50 mg/kg, were survived 
after 44 days. The control group under treatment 
by dextrose survival rate was 40% in day 42, and 
only 20% of mice that were administrated M-BLK 
survived in day 42. The most convenient rate of 
survival was for Formulation I, 100 mg/kg. 

The animal trial was conducted with two dosages 
of 50 and 100 mg/kg. DTX-loaded nanomicelles, 
100 mg/kg, compared to the commercial product, 
10 mg/kg could inhibit tumor growth for 26 days 
significantly. Summarizing animal trial and all the 
lab results, Formulation I was defined as the best-

 

Figure 2- The tumor created on a mouse back after 7 days 

  

Fig. 2. The tumor created on a mouse back after 7 days
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optimized nanomicelle. The higher dosage was 
not used due to the drug high metabolism. When 
the tumor faced with high drug dosage, multidrug 
resistance (MDR) mechanisms will be activated and 
efficacy will decrease [45]. 

The cancer tumors have a more permeable artery 
with larger pores due to its abnormal angiogenesis, 
therefore nanoparticles intend to gather in the tumor 
tissues much more than they do in normal tissues. 
It is called the enhanced permeability and retention 
(EPR) effect [45]. The prepared nanomicelles in this 

study have passive targeting character, accumulate 
in the tumors, and showed better efficacy than the 
commercial product. The Formulation I, 100 mg/kg, 
demonstrated the best efficacy. Moreover, the under-
treatment mice with the prepared nanomicelles had 
better and more stable than the commercial product, 
60% of the group survived within the 44 first days out 
of 50 days’ animal trial duration. It means that the 
Formulation could satisfyingly inhibit the mortality 
caused by the tumor compared to the commercial 
product. As it is shown in Fig. 5, the commercial 

 

Figure 3- In vivo tumor inhibition efficacy for the prepared Formulation compare to TXT 
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Figure 4- demonstrates the weights of the mice with C-26 tumor 
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product, registered numerous death rates, while 
Formulation I registered the maximum survival rate 
that can prove its low toxicity. 

CONCLUSION 
Docetaxel nanomicelles were successfully 

synthesized and administrated in the animal trial 
compared to the commercial product. Synthesized 
nanomicelles have satisfying results on animal 
trials and adequate characters such as an oral 
form of medicine, size of less than 15 nm, proper 
polydispersity index (PDI), sufficient zeta potential 
for physical stability and maintaining particle size, 
non-toxicity of career, and high efficacy than the 
commercial product. Also, the lower side effects 
of synthesized oral medicine on the treatment 
of C26 Colon Carcinoma can be named as the 
other advantage of this study. The outcome of the 
study showed that the proposed DTX nanomicelle 
could be administrated in oral form and 
deserves subsequent researches to determine the 
pharmacokinetics, tissue distribution, and tissue 
pathology study in the next studies. 

ACKNOWLEDGMENT
The study was supported by Avicenna Research 

Institute of Mashhad University, Mashhad, Iran.

CONFLICT OF INTEREST
Authors declare no conflict of interest in present 

work.

REFERENCES 
1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA: 

A Cancer Journal for Clinicians. 2013;63(1):11-30.
2. Evan GI, Vousden KH. Proliferation, cell cycle and apoptosis 

in cancer. Nature. 2001;411(6835):342-8.
3. Edwards BK, Brown ML, Wingo PA, Howe HL, Ward E, Ries 

LAG, et al. Annual Report to the Nation on the Status of 
Cancer, 1975–2002, Featuring Population-Based Trends in 
Cancer Treatment. JNCI: Journal of the National Cancer 
Institute. 2005;97(19):1407-27.

4. Ganz PA, Desmond KA, Leedham B, Rowland JH, Meyerowitz 
BE, Belin TR., (2002) Quality of life in long-term, disease-
free survivors of breast cancer: a follow-up study. Journal of 
the National Cancer Institute. 94(1):39-49.

5. Willett CG, Boucher Y, Duda DG, di Tomaso E, Munn LL, 
Tong RT, et al. Surrogate Markers for Antiangiogenic 
Therapy and Dose-Limiting Toxicities for Bevacizumab 
With Radiation and Chemotherapy: Continued Experience 
of a Phase I Trial in Rectal Cancer Patients. Journal of 
Clinical Oncology. 2005;23(31):8136-9.

6. Ahles TA, Saykin AJ, Furstenberg CT, Cole B, Mott LA, 
Skalla K, et al. Neuropsychologic Impact of Standard-Dose 
Systemic Chemotherapy in Long-Term Survivors of Breast 
Cancer and Lymphoma. Journal of Clinical Oncology. 
2002;20(2):485-93.

7. Cho K, Wang X, Nie S, Chen Z, Shin DM. Therapeutic 
Nanoparticles for Drug Delivery in Cancer. Clinical Cancer 
Research. 2008;14(5):1310-6.

8. Sohail MF, Hussain SZ, Saeed H, Javed I, Sarwar HS, Nadhman 
A, et al. Polymeric nanocapsules embedded with ultra-
small silver nanoclusters for synergistic pharmacology and 
improved oral delivery of Docetaxel. Scientific Reports. 
2018;8(1).

9. Gaumet M, Vargas A, Gurny R, Delie F. Nanoparticles for 
drug delivery: The need for precision in reporting particle 
size parameters. European Journal of Pharmaceutics and 
Biopharmaceutics. 2008;69(1):1-9.

 

Figure 5 - Survival rates after 50 days of study 

 

0

20

40

60

80

100

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

SU
RV

IV
AL

 (%
)

TIME (DAY)

Formulla I (100 mg/kg)

Formulla I (50 mg/kg)

M-BLK (100 mg/kg)

Dextrose (100 mg/kg)

TXT (10 mg/kg)

Fig. 5 . Survival rates after 50 days of study

http://dx.doi.org/10.3322/caac.21166
http://dx.doi.org/10.3322/caac.21166
http://dx.doi.org/10.1038/35077213
http://dx.doi.org/10.1038/35077213
http://dx.doi.org/10.1093/jnci/dji289
http://dx.doi.org/10.1093/jnci/dji289
http://dx.doi.org/10.1093/jnci/dji289
http://dx.doi.org/10.1093/jnci/dji289
http://dx.doi.org/10.1093/jnci/dji289
http://dx.doi.org/10.1200/jco.2005.02.5635
http://dx.doi.org/10.1200/jco.2005.02.5635
http://dx.doi.org/10.1200/jco.2005.02.5635
http://dx.doi.org/10.1200/jco.2005.02.5635
http://dx.doi.org/10.1200/jco.2005.02.5635
http://dx.doi.org/10.1200/jco.2005.02.5635
http://dx.doi.org/10.1200/jco.2002.20.2.485
http://dx.doi.org/10.1200/jco.2002.20.2.485
http://dx.doi.org/10.1200/jco.2002.20.2.485
http://dx.doi.org/10.1200/jco.2002.20.2.485
http://dx.doi.org/10.1200/jco.2002.20.2.485
http://dx.doi.org/10.1158/1078-0432.ccr-07-1441
http://dx.doi.org/10.1158/1078-0432.ccr-07-1441
http://dx.doi.org/10.1158/1078-0432.ccr-07-1441
http://dx.doi.org/10.1038/s41598-018-30749-3
http://dx.doi.org/10.1038/s41598-018-30749-3
http://dx.doi.org/10.1038/s41598-018-30749-3
http://dx.doi.org/10.1038/s41598-018-30749-3
http://dx.doi.org/10.1038/s41598-018-30749-3
http://dx.doi.org/10.1016/j.ejpb.2007.08.001
http://dx.doi.org/10.1016/j.ejpb.2007.08.001
http://dx.doi.org/10.1016/j.ejpb.2007.08.001
http://dx.doi.org/10.1016/j.ejpb.2007.08.001


87Nanomed Res J 6(1): 79-88, Winter 2021

Atefeh Hekmat  et al.  / In Vivo Study of New Oral Docetaxel -Loaded Nanomicelles 

10. Vardhan H, Mittal P, Adena SKR, Upadhyay M, Yadav SK, 
Mishra B. Process optimization and in vivo performance 
of docetaxel loaded PHBV-TPGS therapeutic vesicles: A 
synergistic approach. International Journal of Biological 
Macromolecules. 2018;108:729-43.

11. Owensiii D, Peppas N. Opsonization, biodistribution, and 
pharmacokinetics of polymeric nanoparticles. International 
Journal of Pharmaceutics. 2006;307(1):93-102.

12. Zafar S, Akhter S, Garg N, Selvapandiyan A, Kumar 
Jain G, Ahmad FJ. Co-encapsulation of docetaxel and 
thymoquinone in mPEG-DSPE-vitamin E TPGS-lipid 
nanocapsules for breast cancer therapy: Formulation 
optimization and implications on cellular and in vivo 
toxicity. European Journal of Pharmaceutics and 
Biopharmaceutics. 2020;148:10-26.

13. Gref R, Lück M, Quellec P, Marchand M, Dellacherie 
E, Harnisch S, et al. ‘Stealth’ corona-core nanoparticles 
surface modified by polyethylene glycol (PEG): influences 
of the corona (PEG chain length and surface density) and 
of the core composition on phagocytic uptake and plasma 
protein adsorption. Colloids and Surfaces B: Biointerfaces. 
2000;18(3-4):301-13.

14. Galindo-Rodriguez SA, Allemann E, Fessi H, Doelker 
E. Polymeric Nanoparticles for Oral Delivery of Drugs 
and Vaccines: A Critical Evaluation of In Vivo Studies. 
Critical Reviews in Therapeutic Drug Carrier Systems. 
2005;22(5):419-64.

15. Moore T, Graham E, Mattix B, Alexis F., (2012) Biomaterials 
science: an integrated clinical and engineering approach. 
1st edition. Taylor and Francis Group, LLC; Boca Raton, FL.

16. Shuai X, Merdan T, Schaper AK, Xi F, Kissel T. Core-
Cross-Linked Polymeric Micelles as Paclitaxel Carriers. 
Bioconjugate Chemistry. 2004;15(3):441-8.

17. Xu Z, Chen L, Gu W, Gao Y, Lin L, Zhang Z, et al. The 
performance of docetaxel-loaded solid lipid nanoparticles 
targeted to hepatocellular carcinoma. Biomaterials. 
2009;30(2):226-32.

18. Chen D-B, Yang T-z, Lu W-L, Zhang Q. In Vitro and in 
Vivo Study of Two Types of Long-Circulating Solid Lipid 
Nanoparticles Containing Paclitaxel. CHEMICAL & 
PHARMACEUTICAL BULLETIN. 2001;49(11):1444-7.

19. Wang J-J, Liu K-S, Sung KC, Tsai C-Y, Fang J-Y. Lipid 
nanoparticles with different oil/fatty ester ratios as carriers 
of buprenorphine and its prodrugs for injection. European 
Journal of Pharmaceutical Sciences. 2009;38(2):138-46.

20. Logothetis CJ., (2002), Docetaxel in the integrated 
management of prostate cancer. Current applications and 
future promise. Oncology (Williston Park, NY). 16(6 Suppl 
6):63.

21. Iwao-Koizumi K, Matoba R, Ueno N, Kim SJ, Ando A, 
Miyoshi Y, et al. Prediction of Docetaxel Response in 
Human Breast Cancer by Gene Expression Profiling. 
Journal of Clinical Oncology. 2005;23(3):422-31.

22. Nygren P, Hande K, Petty KJ, Fedgchin M, van Dyck K, 
Majumdar A, et al. Lack of effect of aprepitant on the 
pharmacokinetics of docetaxel in cancer patients. Cancer 
Chemotherapy and Pharmacology. 2005;55(6):609-16.

23. Engels FK, Verweij J. Docetaxel administration schedule: 
From fever to tears? A review of randomised studies. 
European Journal of Cancer. 2005;41(8):1117-26.

24. Liu B, Yang M, Li R, Ding Y, Qian X, Yu L, et al. The antitumor 
effect of novel docetaxel-loaded thermosensitive micelles. 
European Journal of Pharmaceutics and Biopharmaceutics. 

2008;69(2):527-34.
25. Tsai S-M, Lin C-Y, Wu S-H, Hou LA, Ma H, Tsai L-Y, et al. 

Side effects after docetaxel treatment in Taiwanese breast 
cancer patients with CYP3A4, CYP3A5, and ABCB1 gene 
polymorphisms. Clinica Chimica Acta. 2009;404(2):160-5.

26. Markman M. Managing taxane toxicities. Supportive Care in 
Cancer. 2003;11(3):144-7.

27. Hekmat A, Attar H, Seyf Kordi A, Iman M, Jaafari M. New 
Oral Formulation and in Vitro Evaluation of Docetaxel-
Loaded Nanomicelles. Molecules. 2016;21(9):1265.

28. Kim JH, Shin DH, Kim J-S. Preparation, characterization, 
and pharmacokinetics of liposomal docetaxel for oral 
administration. Archives of Pharmacal Research. 
2018;41(7):765-75.

29. Bunjes H. Characterization of Solid Lipid Nano-and 
Microparticles. Lipospheres in Drug Targets and Delivery: 
CRC Press; 2004. p. 41-66.

30. Dou J, Zhang H, Liu X, Zhang M, Zhai G. Preparation and 
evaluation in vitro and in vivo of docetaxel loaded mixed 
micelles for oral administration. Colloids and Surfaces B: 
Biointerfaces. 2014;114:20-7.

31. Mosallaei N, Jaafari MR, Hanafi-Bojd MY, 
Golmohammadzadeh S, Malaekeh-Nikouei B. Docetaxel-
Loaded Solid Lipid Nanoparticles: Preparation, 
Characterization, In Vitro, and In Vivo Evaluations. Journal 
of Pharmaceutical Sciences. 2013;102(6):1994-2004.

32. Zhao P, Astruc D. Docetaxel Nanotechnology in Anticancer 
Therapy. ChemMedChem. 2012;7(6):952-72.

33. Pridgen EM, Alexis F, Farokhzad OC. Polymeric 
Nanoparticle Technologies for Oral Drug Delivery. Clinical 
Gastroenterology and Hepatology. 2014;12(10):1605-10.

34. Desai MP, Labhasetwar V, Amidon GL, Levy RJ., (1996), 
Gastrointestinal uptake of biodegradable microparticles: 
effect of particle size. Pharm Res 13:1838—45 

35. Desai MP, Lab V, Walter E, et al., (1997), The mechanism 
of uptake of biodegradable microparticles in Caco-2 cells is 
size dependent. Pharm Res. 14:1568—73 

36. Liu J, Zahedi P, Zeng F, Allen C. Nano-Sized Assemblies 
of a PEG-Docetaxel Conjugate as a Formulation Strategy 
for Docetaxel. Journal of Pharmaceutical Sciences. 
2008;97(8):3274-90.

37. Xu R. Progress in nanoparticles characterization: Sizing and 
zeta potential measurement. Particuology. 2008;6(2):112-5.

38. Zhang Y, Yang M, Portney NG, Cui D, Budak G, Ozbay E, et 
al. Zeta potential: a surface electrical characteristic to probe 
the interaction of nanoparticles with normal and cancer 
human breast epithelial cells. Biomedical Microdevices. 
2007;10(2):321-8.

39. Patil S, Sandberg A, Heckert E, Self W, Seal S. Protein 
adsorption and cellular uptake of cerium oxide 
nanoparticles as a function of zeta potential. Biomaterials. 
2007;28(31):4600-7.

40. Narang A, Delmarre D, Gao D. Stable drug encapsulation 
in micelles and microemulsions. International Journal of 
Pharmaceutics. 2007;345(1-2):9-25.

41. Chorny M, Fishbein I, Danenberg HD, Golomb G. Study 
of the drug release mechanism from tyrphostin AG-1295-
loaded nanospheres by in situ and external sink methods. 
Journal of Controlled Release. 2002;83(3):401-14.

42. Mu L, Feng SS. A novel controlled release formulation for 
the anticancer drug paclitaxel (Taxol®): PLGA nanoparticles 
containing vitamin E TPGS. Journal of Controlled Release. 
2003;86(1):33-48.

http://dx.doi.org/10.1016/j.ijbiomac.2017.10.172
http://dx.doi.org/10.1016/j.ijbiomac.2017.10.172
http://dx.doi.org/10.1016/j.ijbiomac.2017.10.172
http://dx.doi.org/10.1016/j.ijbiomac.2017.10.172
http://dx.doi.org/10.1016/j.ijbiomac.2017.10.172
http://dx.doi.org/10.1016/j.ijpharm.2005.10.010
http://dx.doi.org/10.1016/j.ijpharm.2005.10.010
http://dx.doi.org/10.1016/j.ijpharm.2005.10.010
http://dx.doi.org/10.1016/j.ejpb.2019.12.016
http://dx.doi.org/10.1016/j.ejpb.2019.12.016
http://dx.doi.org/10.1016/j.ejpb.2019.12.016
http://dx.doi.org/10.1016/j.ejpb.2019.12.016
http://dx.doi.org/10.1016/j.ejpb.2019.12.016
http://dx.doi.org/10.1016/j.ejpb.2019.12.016
http://dx.doi.org/10.1016/j.ejpb.2019.12.016
http://dx.doi.org/10.1016/s0927-7765(99)00156-3
http://dx.doi.org/10.1016/s0927-7765(99)00156-3
http://dx.doi.org/10.1016/s0927-7765(99)00156-3
http://dx.doi.org/10.1016/s0927-7765(99)00156-3
http://dx.doi.org/10.1016/s0927-7765(99)00156-3
http://dx.doi.org/10.1016/s0927-7765(99)00156-3
http://dx.doi.org/10.1016/s0927-7765(99)00156-3
http://dx.doi.org/10.1615/critrevtherdrugcarriersyst.v22.i5.10
http://dx.doi.org/10.1615/critrevtherdrugcarriersyst.v22.i5.10
http://dx.doi.org/10.1615/critrevtherdrugcarriersyst.v22.i5.10
http://dx.doi.org/10.1615/critrevtherdrugcarriersyst.v22.i5.10
http://dx.doi.org/10.1615/critrevtherdrugcarriersyst.v22.i5.10
http://dx.doi.org/10.1021/bc034113u
http://dx.doi.org/10.1021/bc034113u
http://dx.doi.org/10.1021/bc034113u
http://dx.doi.org/10.1016/j.biomaterials.2008.09.014
http://dx.doi.org/10.1016/j.biomaterials.2008.09.014
http://dx.doi.org/10.1016/j.biomaterials.2008.09.014
http://dx.doi.org/10.1016/j.biomaterials.2008.09.014
http://dx.doi.org/10.1248/cpb.49.1444
http://dx.doi.org/10.1248/cpb.49.1444
http://dx.doi.org/10.1248/cpb.49.1444
http://dx.doi.org/10.1248/cpb.49.1444
http://dx.doi.org/10.1016/j.ejps.2009.06.008
http://dx.doi.org/10.1016/j.ejps.2009.06.008
http://dx.doi.org/10.1016/j.ejps.2009.06.008
http://dx.doi.org/10.1016/j.ejps.2009.06.008
http://dx.doi.org/10.1200/jco.2005.09.078
http://dx.doi.org/10.1200/jco.2005.09.078
http://dx.doi.org/10.1200/jco.2005.09.078
http://dx.doi.org/10.1200/jco.2005.09.078
http://dx.doi.org/10.1007/s00280-004-0946-3
http://dx.doi.org/10.1007/s00280-004-0946-3
http://dx.doi.org/10.1007/s00280-004-0946-3
http://dx.doi.org/10.1007/s00280-004-0946-3
http://dx.doi.org/10.1016/j.ejca.2005.02.016
http://dx.doi.org/10.1016/j.ejca.2005.02.016
http://dx.doi.org/10.1016/j.ejca.2005.02.016
http://dx.doi.org/10.1016/j.ejpb.2008.01.015
http://dx.doi.org/10.1016/j.ejpb.2008.01.015
http://dx.doi.org/10.1016/j.ejpb.2008.01.015
http://dx.doi.org/10.1016/j.ejpb.2008.01.015
http://dx.doi.org/10.1016/j.cca.2009.03.038
http://dx.doi.org/10.1016/j.cca.2009.03.038
http://dx.doi.org/10.1016/j.cca.2009.03.038
http://dx.doi.org/10.1016/j.cca.2009.03.038
http://dx.doi.org/10.1007/s00520-002-0405-9
http://dx.doi.org/10.1007/s00520-002-0405-9
http://dx.doi.org/10.3390/molecules21091265
http://dx.doi.org/10.3390/molecules21091265
http://dx.doi.org/10.3390/molecules21091265
http://dx.doi.org/10.1007/s12272-018-1046-y
http://dx.doi.org/10.1007/s12272-018-1046-y
http://dx.doi.org/10.1007/s12272-018-1046-y
http://dx.doi.org/10.1007/s12272-018-1046-y
http://dx.doi.org/10.1201/9780203505281.ch3
http://dx.doi.org/10.1201/9780203505281.ch3
http://dx.doi.org/10.1201/9780203505281.ch3
http://dx.doi.org/10.1016/j.colsurfb.2013.09.010
http://dx.doi.org/10.1016/j.colsurfb.2013.09.010
http://dx.doi.org/10.1016/j.colsurfb.2013.09.010
http://dx.doi.org/10.1016/j.colsurfb.2013.09.010
http://dx.doi.org/10.1002/jps.23522
http://dx.doi.org/10.1002/jps.23522
http://dx.doi.org/10.1002/jps.23522
http://dx.doi.org/10.1002/jps.23522
http://dx.doi.org/10.1002/jps.23522
http://dx.doi.org/10.1002/cmdc.201200052
http://dx.doi.org/10.1002/cmdc.201200052
http://dx.doi.org/10.1016/j.cgh.2014.06.018
http://dx.doi.org/10.1016/j.cgh.2014.06.018
http://dx.doi.org/10.1016/j.cgh.2014.06.018
http://dx.doi.org/10.1002/jps.21245
http://dx.doi.org/10.1002/jps.21245
http://dx.doi.org/10.1002/jps.21245
http://dx.doi.org/10.1002/jps.21245
http://dx.doi.org/10.1016/j.partic.2007.12.002
http://dx.doi.org/10.1016/j.partic.2007.12.002
http://dx.doi.org/10.1007/s10544-007-9139-2
http://dx.doi.org/10.1007/s10544-007-9139-2
http://dx.doi.org/10.1007/s10544-007-9139-2
http://dx.doi.org/10.1007/s10544-007-9139-2
http://dx.doi.org/10.1007/s10544-007-9139-2
http://dx.doi.org/10.1016/j.biomaterials.2007.07.029
http://dx.doi.org/10.1016/j.biomaterials.2007.07.029
http://dx.doi.org/10.1016/j.biomaterials.2007.07.029
http://dx.doi.org/10.1016/j.biomaterials.2007.07.029
http://dx.doi.org/10.1016/j.ijpharm.2007.08.057
http://dx.doi.org/10.1016/j.ijpharm.2007.08.057
http://dx.doi.org/10.1016/j.ijpharm.2007.08.057
http://dx.doi.org/10.1016/s0168-3659(02)00210-9
http://dx.doi.org/10.1016/s0168-3659(02)00210-9
http://dx.doi.org/10.1016/s0168-3659(02)00210-9
http://dx.doi.org/10.1016/s0168-3659(02)00210-9
http://dx.doi.org/10.1016/s0168-3659(02)00320-6
http://dx.doi.org/10.1016/s0168-3659(02)00320-6
http://dx.doi.org/10.1016/s0168-3659(02)00320-6
http://dx.doi.org/10.1016/s0168-3659(02)00320-6


88

Atefeh Hekmat  et al.  / In Vivo Study of New Oral Docetaxel -Loaded Nanomicelles 

Nanomed Res J 6(1): 79-88, Winter 2021

43. Ko JA, Park HJ, Hwang SJ, Park JB, Lee JS. Preparation 
and characterization of chitosan microparticles intended 
for controlled drug delivery. International Journal of 
Pharmaceutics. 2002;249(1-2):165-74.

44. Lukyanov AN, Gao Z, Mazzola L, Torchilin VP., (2002), 
Polyethylene glycol-diacyl lipid micelles demonstrate 

increased accumulation in subcutaneous tumors in mice. 
Pharm Res; 19:1424- 9.

45. Wong H, Bendayan R, Rauth A, Li Y, Wu X. Chemotherapy 
with anticancer drugs encapsulated in solid lipid 
nanoparticles. Advanced Drug Delivery Reviews. 
2007;59(6):491-504.

http://dx.doi.org/10.1016/s0378-5173(02)00487-8
http://dx.doi.org/10.1016/s0378-5173(02)00487-8
http://dx.doi.org/10.1016/s0378-5173(02)00487-8
http://dx.doi.org/10.1016/s0378-5173(02)00487-8
http://dx.doi.org/10.1016/j.addr.2007.04.008
http://dx.doi.org/10.1016/j.addr.2007.04.008
http://dx.doi.org/10.1016/j.addr.2007.04.008
http://dx.doi.org/10.1016/j.addr.2007.04.008

	In Vivo Study of New Oral Docetaxel -Loaded Nanomicelles  
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION 
	EXPERIMENTS  
	Materials and methods 
	DTX-Loaded Nanomicelles Preparation 
	Nanomicelles Evaluation  
	Zeta potential  
	In vivo studies 

	RESULT AND DISCUSSION 
	In vivo tumor inhibition efficacy  

	CONCLUSION  
	ACKNOWLEDGMENT 
	CONFLICT OF INTEREST 
	REFERENCES


